INTRODUCTION
A neurysms of the posterior cerebral artery (PCA) are uncommon, representing less than 2% of all aneurysms. [1] [2] [3] Because of this low incidence, most of the institutional series on PCA aneurysms are small 2, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] ; only 7 reports with more than 25 patients have previously been published ( Table 1) . 1, [18] [19] [20] [21] [22] [23] The largest series was reported by Drake et al. 7 in a study of 125 cases.
PCA aneurysms are classified into 5 groups according to their segment origin ( Figure 1 ): the P1 segment (P1 aneurysms) or precommunicating segment; the P1/P2 junction (P1/P2 aneurysms); the P2 segment (P2 aneurysms); the P3 segment (P3 aneurysms); and the P4 segment (P4 aneurysms). 24 In general, treatment of PCA aneurysms is challenging because of their deep anatomic location, closeness to sensitive neuroanatomic structures, and the long intravasal route to the terminal segments of the posterior circulation. 25, 26 Furthermore, the specific morphologic features of PCA aneurysms complicate their treatment, especially the high frequency of fusiform shape and closeness to important midbrain perforators. 27 Surgical approaches, such as the subtemporal, pterional, orbitozygomatic, supracerebellar transtentorial, and posterior interhemispheric approaches, have been described for microsurgical management of aneurysms on various PCA segments. 1, 6, 17, 21, 28, 29 However, during the last 3 decades, endovascular techniques have evolved rapidly and PCA aneurysms close to the brainstem are also treated using endovascular techniques. 4, 7, 16, 30 We present a consecutive series of 121 patients with 135 PCA aneurysms treated between 1980 and 2014 at the 2 given neurosurgical centers, which are responsible for a population of approximately 2.8 million people. The aim of this analysis is to establish a foundation for the further development of treatment strategies for PCA aneurysms.
METHODS
From 1980 to 2014, 121 patients with 135 PCA aneurysms were evaluated and treated at 2 neurosurgical centers (Helsinki and Kuopio), responsible for the entire population of southern and eastern Finland of 2.8 million people. Overall, slightly more than 14,500 patients with intracranial aneurysms were treated.
The hospital records and images were evaluated for all patients with PCA aneurysms. The following clinical data were collected: patient age, sex, Hunt and Hess (H&H) grade on admission, treatment modality, time to treatment, occlusion grade, complications, neurologic deficits, and cause of death. The modified Rankin Scale (mRS) was used to measure outcomes, evaluated at 12-month follow-up. For further analysis, outcomes were categorized into 3 groups: 1) good (mRS score, 0e1), 2) moderate (mRS score, 2e4), and 3) poor (mRS score, 5e6).
We performed a PubMed search for articles published from 1980 to 2015 on the treatment of PCA aneurysms with the following keyword(s): PCA, posterior cerebral artery, aneurysms. We identified 7 series with over 25 patients, presented in Table 1 .
All patients underwent computed tomography angiography, digital subtraction angiography (DSA), or magnetic resonance angiography for diagnosis. The radiologic images were stored in the hospital's digital archiving system (PACS; AGFA, IMPAX, version 4.5, launched in 1998) or in the central radiographic image archive, from which the relevant images were recalled. The image analyses were conducted by 2 experienced neurosurgeons, 1 (R.K.) with double specialization in neurosurgery and neuroradiology. The following radiologic data were collected: aneurysm height, neck diameter, dome width, previous treatment (coiling or clipping), and the presence of remnant aneurysm parts after the treatment.
Using these methods, 121 consecutive patients (36 male, 85 female) with 135 PCA aneurysms were identified. Ruptured PCA aneurysms were found in 52 patients. For further analyses, the patients were divided into 9 groups: 1) unruptured saccular aneurysms (n ¼ 9); 2) unruptured fusiform aneurysms (n ¼ 10); 3) unruptured giant aneurysms (n ¼ 7); 4) unruptured PCA aneurysms with associated aneurysms (n ¼ 21); 5) ruptured saccular aneurysms (n ¼ 20); 6) ruptured fusiform aneurysms (n ¼ 7); 7) ruptured PCA aneurysms with associated aneurysms (n ¼ 18); 8) subarachnoid hemorrhages (SAHs) from an associated aneurysm rupture (n ¼ 17); and 9) SAHs from an associated arteriovenous malformation (AVM) (n ¼ 12).
Microsurgical treatment was applied to 63 aneurysms and endovascular treatment to 19 aneurysms; 55 aneurysms were treated conservatively. 
RESULTS

Distribution of PCA Aneurysms (n [ 135)
In this series, the most frequently affected segment for PCA aneurysms was the P1 segment (n ¼ 53; 39%), followed by the P1/2 junction (n ¼ 39; 29%), the P2 segment (n ¼ 28; 21%), and the P3 segment (n ¼ 15; 11%). P3 aneurysms presented the highest rupture rate, with 9 ruptured of the 15 total aneurysms (60%). In addition, fusiform aneurysms were often found on the P2 segment (n ¼ 10). However, the rupture rate was highest in fusiform P3 segment aneurysms, with 3 of 4 being ruptured.
Shapes and Sizes of PCA Aneurysms (n [ 135)
A saccular shape was present in 102 (76%) of the 135 PCA aneurysms; the remaining 33 (24%) aneurysms were fusiform. Most of the evaluated saccular PCA aneurysms were smaller than 7 mm (n ¼ 77, 75%), even when ruptured (n ¼ 22, 56%). In this series, we saw only 9 large and 7 giant aneurysms, altogether representing 12% of the studied PCA aneurysms. The characteristics of PCA aneurysms are given in Table 2 .
Clinical Presentation
Fifty-two patients (43%) had SAH from a PCA aneurysm ( Figure 2) ; 21 of them also presented with an intraventricular hemorrhage (IVH), 3 with an intracerebral hemorrhage (ICH), and 1 with an SDH. Seventeen patients (14%) were diagnosed in conjunction with a ruptured associated aneurysm. Twelve patients (10%) had an AVM-related PCA aneurysm. Oculomotor nerve affection occurred in 7 patients (6%); 3 of these patients had an unruptured PCA aneurysm, 1 patient a ruptured PCA aneurysm, and 2 patients a ruptured posterior communicating artery aneurysm. Six patients with unruptured aneurysms (5%) manifested symptoms of ischemia after embolism and 2 patients with unruptured aneurysms became symptomatic from mass effect.
Multiple PCA Aneurysms
Multiple PCA aneurysms were found in 10 patients. Nine of these patients presented the second PCA aneurysm on the ipsilateral PCA and 1 patient on the contralateral, whereas 4 of these 9 had a ruptured PCA aneurysm. Four patients had 3 PCA aneurysms each, and for 2 patients, these aneurysms were located on an AVM-feeding PCA.
Associated Aneurysms Associated aneurysms were found in 67 patients (55%), of whom 19 presented SAH (16%) ( Table 3) . Two ruptured associated aneurysms were located on an AVM feeder. Forty-one patients (34%) had more than 1 associated aneurysm. The distribution of associated aneurysms along the intracranial vessels is given in Table 3 .
Patients with Unruptured Saccular PCA Aneurysms (n [ 9) Six patients were treated conservatively, including 1 patient with oculomotor palsy. That particular decision was made together with the patient, primarily based on the patient's older age (88 years, mRS score 1 after 1 year and persistent oculomotor palsy).
One patient died after a cardiac infarction during the first year of follow-up. The other patients had aneurysms smaller than 4 mm and had favorable outcomes (mRS score, 0). Three patients were treated microsurgically, 1 of whom had a moderate outcome caused by parent vessel occlusion and consecutive PCA infarction. All other patients, including 1 who underwent bypass bridging, had a good outcome ( Table 4) .
Patients with Unruptured Fusiform PCA Aneurysms (n [ 10) Nine of 10 patients were diagnosed incidentally and the remaining patient became symptomatic with embolic symptoms. One patient with a small aneurysm (<3 mm) was treated conservatively and had a good outcome. The remaining 9 patients were treated by microsurgical means. In 3 patients, a proximal occlusion was performed. One aneurysm was clipped after initially failed coiling and 4 aneurysms were directly clipped. One aneurysm was bridged with a bypass and trapped. One clipped aneurysm required reoperation to trap the aneurysm. Two patients developed a PCA infarction after proximal occlusion. Three patients developed permanent oculomotor nerve palsy after direct clipping. The overall outcome was good in 5 cases and moderate in 5 cases ( Table 4) .
Patients with Unruptured Giant PCA Aneurysm (n [ 7) Only 3 of the 7 patients with a giant PCA aneurysm (diameter 25 mm) became symptomatic via rupture ( Table 2) . Two patients became symptomatic by mass lesion, 1 by thromboembolism, and 1 patient's aneurysm was found incidentally via a computed tomography scan taken for other reasons. Six of these aneurysms were located distal from the P1/2 junction and 4 giant aneurysms presented a fusiform shape. The following treatment methods were applied: proximal occlusion via subtemporal approach (n ¼ 3), coil embolization with parent vessel occlusion (n ¼ 1), thrombectomy and PCA reconstruction (n ¼ 1), complex excimer laser-assisted nonocclusive anastomosis bypass (n ¼ 1), and conservative treatment after iatrogenic injury during DSA (n ¼ 1). An additional ventriculoperitoneal shunt was required in 1 patient. The achieved outcomes were: 1 good, 5 moderate, and 1 fatal ( Table 4) .
Patients with Unruptured PCA Aneurysms with Associated Unruptured Aneurysms (n [ 21) Twenty-one patients were affected by multiple aneurysms associated with PCA aneurysms. The overall outcome was good in 13 patients and moderate in 7 cases. One patient died after a diagnostic DSA procedure ( Table 4) . Ten patients were treated by microsurgery. In 3 of these patients, the PCA aneurysm was occluded in the same procedure with associated aneurysms, from a pterional or lateral supraorbital approach. Two-step surgeries were necessary in 5 patients. In 2 of these cases, a distal PCA aneurysm (P3 segment) was occluded from an additional posterior interhemispheric approach. In 1 patient, the PCA aneurysm was treated by flow modulation during a complex bypass procedure for the treatment of multiple posterior circulation aneurysms. Three patients were treated by endovascular techniques and all aneurysms were occluded during 1 interventional session. In 1 patient, 3 PCA aneurysms were treated by endovascular occlusion of the proximal aneurysm and the parent vessel. In 8 patients, the PCA aneurysm was treated conservatively because of small aneurysm size. In 4 patients, the aneurysm was smaller than 4 mm. Three patients presented poor clinical conditions in general.
Patients with Unruptured PCA Aneurysms with Associated Ruptured Aneurysms (n [ 17) Associated aneurysms were ruptured in 17 patients, exhibiting the following H&H grade distribution: ORIGINAL ARTICLE IV (n ¼ 2), and V (n ¼ 4). The following intracranial vessels were affected by ruptured aneurysms: middle cerebral artery (n ¼ 5), basilar artery (n ¼ 4), internal carotid artery (n ¼ 3), anterior communicating artery (n ¼ 3), and vertebral artery (n ¼ 2). In 3 patients, the PCA aneurysms were treated during the same procedure as the ruptured associated aneurysm, representing 3 endovascular approaches. A multistage procedure was applied in 4 cases using a microsurgical approach for the PCA aneurysm. A conservative treatment was chosen for 10 patients with an unruptured PCA aneurysm after the treatment of the ruptured aneurysm. One patient was in such poor condition that the cerebral aneurysms could not be treated. Treatment of a secondary hydrocephalus by an external ventricular drain was necessary in 5 cases (29%), but implantation of a permanent shunt was not needed. A favorable 1-year outcome was achieved for 7 patients, a moderate outcome for 3 patients, and a fatal outcome in 6 cases ( Table 4) .
Patients with Ruptured Saccular PCA Aneurysms (n [ 20) All patients became symptomatic by SAH and 1 suffered from an additional oculomotor palsy. Four patients were treated conservatively: 3 because of poor clinical condition on admission (H&H V) and 1 because of old age and severe cardiac dysfunction. Three patients were treated by endovascular techniques, 2 by direct coil application, and 1 with a stent/coil technique. Two of the interventions were uncomplicated and the patients recovered well with a good outcome; 1 patient developed an anterior circulation infarction during the initial treatment and recovered with an mRS score of 4 after 1 year. Thirteen patients were microsurgically treated. In all of these patients, a direct clip occlusion was possible. In 5 patients, preservation of the parent vessel was not possible. In 1 patient, the aneurysm ruptured during clipping from a pterional approach; the patient was initially vegetative and later died. One aneurysm was incompletely clip occluded and the patient died after rerupture; diagnosis was confirmed in autopsy. Six patients had a good 1-year outcome and 4 others a moderate outcome ( Table 4) .
Patients with Ruptured Fusiform PCA Aneurysms (n [ 7)
All patients became symptomatic with SAH. Three were conservatively treated because of their initially poor clinical condition. Only 1 of these patients survived. Two of the 7 were treated successfully by endovascular techniques. One patient was treated by direct clip occlusion, but the aneurysm ruptured intraoperatively and the patient developed a PCA infarction after extended temporary clipping. One patient had a favorable 1-year outcome after proximal occlusion ( Table 4) .
Patients with Ruptured PCA Aneurysms with Associated Unruptured Aneurysms (n [ 18) We treated 18 patients with ruptured PCA aneurysms and associated aneurysms. Three patients were treated conservatively because of their poor clinical condition. The outcome was fatal in all of these cases. Three initially presented with H&H grade V. One suffered from a cardiac infarction after SAH. Ten patients were treated microsurgically. In 6 patients, the ruptured PCA was addressed directly and all reachable aneurysms were occluded from the same approach. In 4 patients, additional surgeries were necessary. The outcome was good in 3 cases, moderate in 6 cases, and fatal in 1 case. In 5 patients, the PCA aneurysms were treated endovascularly. Associated anterior circulation aneurysms were treated in 4 cases by clip occlusion. Two patients attained a good outcome and 3 a moderate outcome ( Table 4) .
Patients with an Associated AVM (n [ 12) There were 12 patients with associated AVMs, 8 of whom had aneurysms (n ¼ 16) located on an AVM-feeding PCA. Treatment by direct microsurgical occlusion was considered necessary in 2 cases: 1 case for a ruptured saccular P2 aneurysm and the other for a P3 aneurysm together with a flow-related basilar bifurcation aneurysm. In both cases, these aneurysms were clip occluded from a subtemporal approach. In 6 patients, the AVM was occluded and the aneurysm was considered to be flow related, therefore warranting indirect treatment. A conservative treatment was chosen for 4 patients. One patient was in poor condition after AVM rupture, and because the remaining aneurysms were small, the patient was addressed at follow-up. Only 3 of the patients in this group had a good 1-year outcome, whereas 8 patients had a moderate outcome, and 1 patient had a poor outcome. The outcome deficit was primarily related to the AVM and its treatment; 4 AVMs were ruptured and 1 flow-related associated anterior communicating artery aneurysm caused an SAH. Only 1 flowrelated PCA aneurysm was ruptured ( Table 4) .
Microsurgical Treatment of 63 PCA Aneurysms (2 Patients After Failed Endovascular Treatment)
Sixty-three aneurysms were treated by microsurgical means, 2 of which had previously been incompletely occluded by coiling. The aneurysms were located on the P1 segment (n ¼ 18), P1/2 junction (n ¼ 22), P2 segment (n ¼ 15), and P3 segment (n ¼ 8). Nineteen aneurysms were fusiform. Thirty-three aneurysms were treated from a subtemporal approach, 12 from a pterional approach, 10 PCA ANEURYSMS from a lateral supraorbital approach, and 3 from a posterior interhemispheric approach (Figure 3) . Modified temporal approaches were used for 2 bypass procedures. The following procedures were applied: neck clipping (n ¼ 45), failed clipping (n ¼ 1), neck clipping after failed endovascular occlusion (n ¼ 2), aneurysmorrhaphy (n ¼ 1), trapping (n ¼ 2, 1 after failed clipping), proximal occlusion (n ¼ 7), parent vessel occlusion after bypass (n ¼ 4, 2 excimer laser-assisted nonocclusive anastomosis procedures), and wrapping (n ¼ 1). During 23 of these procedures, associated aneurysms were also treated via the same approach. Six patients had an incomplete aneurysm occlusion after neck clipping, 1 of whom was treated by aneurysm trapping.
Nine patients developed oculomotor nerve palsy and 1 patient became affected by trochlear nerve palsy after microsurgical treatment.
Endovascular Treatment of 19 PCA Aneurysms
The first endovascular treatment of a PCA aneurysm in our institutions was in 1998. The aneurysms were located on the P1 segment (n ¼ 8), P1/2 junction (n ¼ 4), P2 segment (n ¼ 3), and the P3 segment (n ¼ 4). Four of these aneurysms were fusiform. The following techniques were applied: coiling (n ¼ 15), stentassisted coiling (n ¼ 1), and sole stenting (n ¼ 2). In 1 patient, the PCA was occluded for treatment of a total of 3 PCA aneurysms. In another patient, the PCA was occluded intentionally; this patient developed a PCA infarction that was subsequently asymptomatic (Figure 4 ). An incomplete aneurysm occlusion was observed in 5 patients, 2 of whom were subsequently surgically treated and 3 of whom were followed up. Two patients developed permanent oculomotor nerve palsy secondary to the aneurysm treatment.
Conservative or Indirect Treatment of 55 PCA aneurysms Consideration for conservative treatment was based on the patient's condition (ie, H&H grade V, n ¼ 10), aneurysm size (<4 mm, n ¼ 29), and the presence of AVMs. Associated aneurysms were treated by microsurgical occlusion in 2 cases; all others underwent follow-up (n ¼ 14). One fatality occurred shortly after diagnostic DSA of a patient with a large fusiform P2 segment aneurysm, precluding any active treatment. One patient received conservative treatment because of advanced age.
Complications and Poor Outcome Analyses
Twenty-one patients with PCA aneurysms (52% ruptured vs. 48% unruptured, but 33% SAH form associated aneurysm rupture) died during the first year and 2 remained vegetative. There were 13 patients with H&H grade V and poor clinical conditions on arrival; they were primarily treated conservatively for palliative reasons. Five patients had an SAH (H&H IIIeIV): 1 patient died by cardiac infarction, 1 bled in an infarct area after proximal PCA occlusion, 
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www.SCIENCEDIRECT.com and 3 died after severe vasospasm and multiple infarctions. Three of the patients without an SAH died: 2 after DSA complications and 1 of a cardiac infarction. Of the 2 vegetative patients, 1 suffered an intraoperative aneurysm rupture and the other an associated AVM rupture. In 11 patients, the PCA parent vessel was occluded and 6 of these show a symptomatic PCA infarction ( Table 5) . Six patients had an incomplete aneurysm occlusion after neck clipping, 1 of whom underwent a second surgery for aneurysm trapping. An incomplete aneurysm occlusion was observed in 5 patients after coil embolization, 2 of whom underwent subsequent neck clipping. Nine patients developed oculomotor nerve palsy after microsurgical treatment, 1 developed trochlear nerve palsy after microsurgical treatment, and 2 developed oculomotor nerve palsy after endovascular treatment.
DISCUSSION
The presented series contains 121 patients and is therefore one of the largest studies of PCA aneurysms. Treatment strategies and associated outcomes were retrospectively analyzed. All patients were treated at 1 of 2 neurosurgical centers, with a defined catchment time range of 1980e2014. Because of the low incidence of PCA aneurysms, which account for less than 2% of all aneurysms, previous experience is mainly based on single case descriptions or small case series of fewer than 25 patients, which are often reported together with other posterior circulation aneurysms. The exception to this trend is the highly selected series by Drake et al. 1 Historical Aspects Our historical series of 12 patients (1954e1980) shows a high rate (50%) of unfavorable outcomes after conservative treatment but only 4 patients had an unruptured PCA aneurysm, 1 of whom had an SAH after 42 years of conservative treatment ( Table 6) . A case report on a patient with a fatal outcome after a giant distal PCA aneurysm rupture was given by Bertrams in 1968 31 and perfectly reflects our impression of the historic patient records. At that time, an active and mostly microsurgical treatment was becoming increasingly important. 32 During the last 3 decades, endovascular techniques have evolved rapidly and PCA aneurysms close to the brainstem are now treated using endovascular techniques at many institutions. 4, 7, 16 Clinical Presentation The overall H&H grade was no higher for proximal PCA aneurysms than for distal PCA aneurysms; however, 5 of the 9 ruptured P3 aneurysms led to an IVH or ICH, highlighting the danger of 1, 27 We consider 30% of our cases to be complex. We found more than 60% of patients with associated vascular lesions and 21% of the aneurysms were fusiform. Most aneurysms were located at the proximal PCA segments (P1 and P1/2 junction) and 35% of these were ruptured. Of the ruptured PCA aneurysms, 46% were smaller than 7 mm and only 12% were large or giant. The P2 segment was most often affected by fusiform aneurysms. These proximal segments are surgically accessible by standard frontotemporal or subtemporal approaches and endovascular techniques are also applicable. 1, 4, 7, 16, 17, 19, 28 In particular, PCA aneurysms distal to the circle of Willis have nearly identical rupture rates (38% vs. 37%). However, their deep anatomic location close to sensitive neuroanatomic structures and a long intravasal route to the terminal segments of the posterior circulation make treatment more challenging. The incidence of ICH after PCA aneurysm rupture is low, presumably because of the relatively low flow rates compared with other intracranial vessels 33 and the outflow in the basal cisterns. However, the rate of IVH after P3 aneurysm rupture was high because of closeness to the lateral ventricles.
Treatment Strategies for Saccular PCA Aneurysms Proximal saccular PCA aneurysms are accessible by microsurgical and endovascular means. In the presented series, treatment was carried out mostly by microsurgical means, which allows for direct visual control of the important perforating branches. The most common approaches for these aneurysms are the frontotemporal and subtemporal approaches. 1, 6, 28, 29, 32 However, the most frequent complications were not related to the microsurgical approach itself but more to the chosen strategy. Endovascular treatment was used for 17 patients with 20 PCA aneurysms, but the primary aneurysm occlusion rate was only 70%, compared with 90% in the microsurgical group. A complete closure of the aneurysm by endovascular techniques often requires a parent vessel occlusion. 4, 7, 34 We found both endovascular and open microsurgical techniques suitable for the occlusion of aneurysms distal from the P2 segment.
Treatment Strategies for Fusiform PCA Aneurysms A fusiform shape is common in aneurysms affecting the PCA. Perforating branches can originate from the affected segment and the aneurysm shape complicates a direct surgical clip occlusion. Clip occlusion was possible in 7 of 29 of these aneurysms (29%); however, 2 of these were only partially occluded. Proximal occlusion or wrapping of aneurysms must be performed with great caution to prevent devastating infarction. We can recommend this treatment strategy only as an ultima ratio option. In our opinion, reconstructive procedures should be discussed for these cases and a balloon occlusion test can prove helpful, despite the risks. 19, [35] [36] [37] [38] [39] Revascularization Procedures for PCA Aneurysms Based on our own results, we have to be critical regarding proximal PCA occlusions. The appearance of PCA infarction after PCA occlusion is a compromising outcome factor. Therefore, we changed our own treatment strategy for PCA aneurysms. We found a protective superficial temporal artery-PCA (P2/3) bypass from a subtemporal approach to be useful in 2 patients, where a direct microsurgical or endovascular aneurysm treatment was not possible, to prevent territorial stroke in the distal PCA supply area.
Treatment Strategies for PCA Aneurysms in Association with Multiple Aneurysms
The treatment of patients with multiple aneurysms is demanding. However, the general rules of aneurysm treatment are also applicable to PCA aneurysms: 1) the first intervention is focused on the ruptured or likely-to-rupture aneurysm to prevent rebleeding; 2) the most technically secure method is used; 3) if possible, all reachable aneurysms are occluded during the same procedure; 4) other treatable aneurysms are approached after the acute phase; 5) aneurysms without indication for active treatment are observed. Using this methodology, we were able to manage 67 patients with multiple aneurysms. Frontotemporal craniotomies allow access to most ipsilateral anterior circulation aneurysms. 29 However, endovascular techniques also allow the occlusion of several aneurysms during a single intervention. 40 Treatment Strategies for PCA Aneurysms in Association with AVM Only 3 aneurysms of AVM-feeding vessels were addressed by direct treatment. The low rupture rate during follow-up supports this decision history, which is comparable with previous reports on flow-related aneurysms and AVM treatment. 41, 42 Regardless, the decision-making process for each of these individual cases is complex.
Complications
The most serious and outcome-affecting complications are rerupture and the occurrence of ischemic infarctions after parent vessel occlusion. The observed frequency of ischemic lesions after parent vessel occlusion appears to be higher than in other microsurgical and endovascular series. 1, 7 Contrary to the general opinion that parent artery occlusion is a safe treatment option for distal PCA aneurysms, their preservation is critical for a favorable outcome. The rate of intraoperative third nerve injuries shows that solely visual control is insufficient and intraoperative monitoring of the third and fourth nerves is therefore highly recommended. 43 
Limitations
The major limitation of this study is the retrospective nature of the data analysis. There was no randomization and the treatment decision was based on an individual case discussion regarding the PCA aneurysm morphology and patient condition. Because of multiple associated vascular lesions, the patient group became heterogeneous. Regardless, the presented series represents the largest collection of institutional experience with this rare disease.
